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(54) LASER ULTRASONIC APPARATUS 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a laser ultrasonic apparatus 
capable of detecting a weak luminous intensity signal with high 
sensitivity and capable of observing minute frequency shift 
contained therein in magnitude of a noise level or more. 
SOLUTION: The laser ultrasonic apparatus is equipped with a 
resonator length control means 15 for allowing the output signal 
level of a light detection means 12 or a part of measuring laser 
beam to be incident on a Fabry-Perot resonator 10 through a light 
path avoiding a material to be inspected and controlling the 
resonance length of the Fabry-Perot resonator 1 0 from the output 
signal level of a separate light detection means 20 for detecting the 
intensity of the output light of the resonator, and a sensitivity 
adjusting means 31 for adjusting the sensitivity of the light 
detection means 12 on the basis of predetermined time delay and 
predetermined time width in the modulation timing of a first laser 
beam source 1. 
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^«x.s m%^%2(j:>v—^%m.tm^^\z^^^mx^^ 

[0 0 5 81 3i£«6Q|i3^{Cj:tLf^. M2(Ol/ 40 

V ^ tfj le H-ilOffl u-ift^'--A(Z)— mtZWiW. ^ iH] 

}^tm'^(o^m^.\z:^^m'^. 'm\<Di^-^^m.^^m.^ 
^^fzt><D^w^m^^^w\-^fz^t\zxo . 

[0 0 5 9] 15*^1 412® CO^P^T-;^. iS*^9?tet^ 
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mnmfm^^^U't^fz^<D\%^^u^mzx^xm\ 
-^*^m.(Dmm^;^-S:(DM^\^j.±<DmMtz'.mMm^^ii^ 

[0 0 6 01 4lS«<^^0>g{::j:;h.Ji. mmm^J: 

m^^^m-r^tzisb<Dm^^m^^\cx^xW}i'^-t^m 
mmm^K y^zfi) - ^^-^m^<D2^(D^^-(Dm 

J-lfA^ti. ;&^o3gii5$^||2(Du-if^Mco^gS 
S(^)fi^Jeil±<7)S§g|fcitPS^Be?fciE2 n^lJP^ff^^^ (m 

L. n ft 2 i^_bcoS»:) !/~if t^-A^iias^ 

[00 6 1] if *^ 1 5 mm(o^mxn. m^m 9 >iv > 

b 1 4 (o\^^'m^^{zt^m(D u—^m^mmm\z^\^^x . 

^mM.^^t. ^(om^^n^mx^m^ntzw<s^mt 
'f'i^m'^Lxioi.-tzmmmt^itmi-^itm^^t. r 

[0 0 6 2] It^jt^l 5i5«<7>^0>g(Cj:ttf^. 3t^ttl^ 

t. ^(DiB'^^u^^xmn^i^ti^tzW'i^mt'f'^m^i^ 
x^i^^tzmmmt^itn-r^i^m^^t. rcoitgt^© 
(of^^^mTsk-r^mTj^^^t^m^tz^tizxK) . 

m'^mx\ \^t^hmi^^iiz-^(D^m<Dm±i^^mm'r^ 

[0 0 6 3] 61B«(7>^P^ft. if*:IS9/^^/^L 

^(D^=7-<r>2 ^Trntam.^ -kmm.'t^tz^hmmmm 
xi^Xi^tz mmm. hfi:^x.o\z m^wmMm ^ mfbi- 5 tz 

[0 0 6 4] ff^lll 6tS«(7)^e^{Cj:tL{J. 

2£fc7c6«J/^<S#^PSi-^fci^>PS^«i:. m^^ti# 

^ J: ^ ^^m^mmmm^mm-t ^fz^(ommm'n^^}i 

[0 0 6 5] 

[0 0 6 61 :mi mi&wmj m i i^^^umizg^:^ 
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ms 4-1114 0 tm—(Dn^^m\^^xm.mi'^. 

[0 0 6 8] ^^c:. m2<DU-'f^MtLX(Dm=^&tk io 
aiffl<30U-if3felS5^i. »S^S«-4^efilL/c^^K^ 

i^.5;6^b^SLycl^— ifTtMLfi. 1 / 2 iS^ir^S 6 a T* 

^ bT(i3tt — AX3/y 1 8 ^mx:7r'y]) ' 20 

um%\f-J>^:^':f^J-y^is^l)f\^xyr-:f') .^C7^ 
0(::Alt-rSo i/2?S:^;K6a. {i 

3tt:'-iN^>^y 5/^ 1 7ioJ;i/7, U>X8, ^y — 
9, 1 /2K:1«6 bio J:T>*M5tt^^— ryi?' 1 8 

J: J9 H 2 05t^^^^s^tiS^ tt5o 
[0 0 6 9] ilEy'T^^y • 0 U 

Tt^ss^tRLft. 1^1^S«-4;6^f5(^K#t3tPL^«rU'> 30 
Xl 1 ^^lTm2C07fe5>(l^^#^,t bT(D<S7fet:^'-A;^:/ 

i^tu^2 oT^^tts^n^o 

[0 0 7 0] rrT\ ±te#HB3feRL{i. %^±.X\f^t^ 

2 0(7)ai;^m-§'L/-</Ki^(c-':^t /^5-<tT'^3'5o <s 

{-s 3tSltBS2 0<?5m-^u-<>'^';6S^Yk-r5<^T•fei^^^. 

1 0 h^mm'r^\i'::^:/m^t^^(ommmm \ siz Ati 

^it. 5t1tm^2 0(7:)m;^ft-^u-</U;5^-^^/^<5J: 9 
i^eiljfeSi 6;ci: 59 ^ ^— 1 0 b ^I2ib$-tt^^ ic 

[0 0 7 1 1 ^^SM4;5^^:7r :/y • -<u-^ 

3tefc'-A;^:/y 5/^?^ 1 9x^m^h.. ^*^.tii^mt LX 



^^h.tzm. ^^i^mi 4iwT*^ • ie^^?x5. 

[0 0 7 2] ti:r>E>-e. *ll:^?KSiT*{i. ^^m^i2 

m^<4T:^mf±^mmi'^m&'mm^^3 1 t^jzoXTt 

^ffi^l 2<^iifF^®Jta)-r^ J: 5i^LTi^'5o 

itSSSl 2 <J: LTJ^, ±i^LfcJ: 9J::^ICAPD. PIN 

— PD. PM;i^ffll^^;n.TV^^o 

[0 0 7 3] Tt^m^ 1 2 il. m 2 d^-r i 9 izytikt^ 
^^2 2tC^^5AMt-5i:> 7tm^^^^;^{Ci:oT7tfi 
Jcit0iJLfcmgf£ i s i g ComSK i s i g 

mmmu2 3{zX'oxytmt^m^2 2{zm^<-(T:^mEE 

i-/^t>^3t^ai^-7-2 2co^S^f^±$-^'5r ^ 

^^X^^, l^^^Lfjiid^^h. mzMy<-C r ::^nf±^mnl. 

mntz^mxitm^m^i^s.<D^^itkm\^mii^t. ^± 
i^tzmm, i s i g {zxoxyt^thm^ 2 2 7i)mm^nm 

[0 0 7 4] ^z:x\ :$immmmxa. ^^tiim^2 2 
tmmz::^^ ^y^2 e^mm.Ltzp^^m^xh^ . -<d 

6(DS]{^^^itPg^|^3 1 Xmm-t^^O 

(omm^^ ^>^^^mmt i^xm^mm^^s nzx^ 
m^(Dmmmtitm'^(Dmmix^i^iti^i 2(Dmm^ 

[0 0 7 5] - (Dmmmm^^ 3 1 (omiF^m 3 ^#bs 
[0 0 7 6]^. mm-r^ u—i^mi 1 <Di±m^ 

I P . TP=10nsec. ^i9 3gLja 

a^5 0Hz (^*9jgL^S«TR =2 0ms e c) h.-^ 

t:>#iS^7)^&l^^S?JST-$>oTt^^3^^5^2, 9 0 0 m/ s 
e c "Cfc^o 

[0 0 7 7] ^UT. m^i--<#glH^K0llmt L-C 
PbTtm fl,^;^3 3 0 /i s e c "C L;^)='/.Cl \ -T^tt^-^b. ®^ 

^c^^tn{^^c^/<^v^<^^^, 2 0msec r<bsci?^5|^m^ 

tt'5^#iSl^>* ig>Jr*^3 3 0 M s e c T'J:V^r 

[0 0 7 8] Lfc;55oT. if ^Jl 1 cOMil 3^ >r ^ >- 
^>(1?.^E?M^©3 1 IZTt^^L. -^cT^miiS^tB^fe^il 
nro ^tiO-r;^'r'y^26 ^ON LT^I^Hj^^ 2 2 

m^!S?^T'^;r.'i;'SSEf^^e2 1 ^si^^j6-;r>^>r ^/f- 
2 6^0FF-^5J:5:-rAf^$-^i:n:^. m^m^^u 



(12) 
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s i g ^mm-t^^ ^ i^^x^i-tyt^mm 1 2 <Dms. 

ii^WL±r-i>'0 . I^7b>h2 Oms e c<Dohm,^^mTM 
U^(Dmi9. 7m s e cJimSft i s i g ^^i3:tA^t^m 

[0 0 7 9] fj::^. BtWaix t d it. i^—f^M 1 i^^h 

(D^mctiisbliCm^-f^i>(DXh^^ y</i^MET p = 1 0 
n s e c {Ctt^X+^T^M < . L;5- 1 Ffl r m = 3 3 io 

0 u s e c t}t^x+^:^m\^^mm. m^iti u s e cm 

]) >i^:^^+^Xhthi^OXh-:>Xhmt>^j:\^\ 
[0 0 8 0] *fc. ^y<^r>^mEEVB<D±±7^^^7^^^ 

^<r>^^mj:t^xm<^j:^m^i,at. m4 (b) [z^-r 
(A) \z7fk'r%^<^^y^m^\z^\^x9cn^m 

m\(D^m^^ ^ t^y^mmt i^xmrnmrn^^s i {z 
ji:^m^(Dmmmtitm^(o^m^Mx^miti^ i 2 co^s 20 
m^mmir:bx^{zi.tz(Dx\ m^^j^^^mm^-^mm 

mm^i^y J ^ Xu^jv^^^Akd^^ ^xmM^^:z 
tt^x^^^ 

[0 0 8 2] mi mmwm<D^wmi m 5 it^^m\z 

[0 0 8 3] z(Dmmmn. mmmimmmm^mss 30 
\z7fk-rm^m(D i^—frn'^mmmizmm i.fch(Dx^ 

i/>ett>5/c*^. mmm 1 '^mmm\z^^^x 3 3 0 ^ s e 
c fz\-im&tmit'r^^^fimm\zmm l/^ ^ 9 tc. 

[0 08 4]/.^:^. z.<ommm(r>mmMfS.t\^{^m^(D 40 
LT^^Hj^i 2(Dm.m(Dit^AL[zit^:tmm-t^fz}^ 

'nm,mlmm^f^i^-^m'^m^^'^^\z\^%■^'^t^^^ 

[0 08 5] ;S 2 ^tSJf^fH] m 6 50 
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'^m=^m^m.(om2m:mmm^^^^':fu y^mi&mx^ 
[00 8 6] me \z7f^-tx 0 \z^ i^-^mrnxx-t. 

Wi\^^X^%\zUm\^tzyT^') • -<ci-ifc^^i OIC. 

mhnm.x^^^ 

[0 0 8 7] if^-mmmxi-x. ^t^ajsi 1 2 <o^m%% 
<r>mwm^h%mm.^^zi^m\i^x^ mfL\mm^ 

P L(7)3t5S±}Cl/2iK:g®6 bSrSSL. r<01/2 

[00 8 8] Hi ioj:D^|ii 2 ic:S•^v^T±lEr'lftP.^ bfc 
J:9f-. iiS<^i/-if^^?SSg§03tmUiSi 2^;lio^/^ 

xvt. mMmzKi,7K^it^t^-k.^\^\^}^-^mmzm'^^ 

^fBl^A±03tS:;5SA#t-f ^ ^ )t<^ffi*^ 2 2 (r>mm.t^^ 
TLX. ^^co^m^SitfilSTf 5^«^^tL5o 
[0 0 8 9] Lfc;6^'o-r. mi {zm^^mz^.-^ X.b\z^ 

Lfc;()SoT. 3t^tllSl 2^ffiv>5^'a^te:*5i^ri±. if^ 

^:7r:/y • ^ci-ifcti|§ i o (^At^-T^T^fi^Ttl^tH 
^\2\zx\c co3ta:;6^# b tL5 J: 9 t::Sig \.X^<<r> 

tm^±M%x-^^. 

[0 0 9 0] x^t^x^fat^h. m:^^'T=7i^v(ommiPc 

'^\z--'^(OKM^^^^^-r^(o\%'^^^x-h^^ 

I 0 = I c ^/.^^ J; 5{^)tSi^S^^3 7^fflu>T 
1/2K:R;R6 b ^[Hlfe^-^rfi3t t^'-A;:^ >^ y :y i 

ig^i otcAWi-^T^m^ilSi-tti^. il^^T^Tfeltm^ 

1 2 ^fflv^fc:^'a^T'^:>. %\zmMfiw\^m^.xm:^mM 

[0 0 9 1 ] mu. ro^-^. *S^gt7)^{b{-j:^3t 
fi^ft:J^7fe£I^S^^3 7;5^ig^^t/^v^J: 9. ^icT^^tfl: 
I^S^^ 3 7 1 5 *D J:i/I2i&^« 1 6 J: «9 t> + 

. t^-^w^miAl^z^\•i•^%\Wi^.(T>m\L^ ^ h 
[0 0 9 2] ^tz. ^mth^i 2(Dt^tim^(Dm^mt 

r (DM^m^^mm Lxh mm(D^^m%hti^. 
[0 0 9 3] z(DXoiz^m^m:zxHit. ^mtbm 
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[0 0 9 41 [m 2 mmMm<Dmmm:i m s it^^miz 
10 0 9 5] z<Dmm^t. mmm2mm^mi:m3 8 

^ixTi3«9. ^<^{tiliDf^ffl*5J:t/?a«fiHulsm2ll;^JF^ 
[0 0 9 6 ] ^/c. u-if3t?^5co^Jgffi;^;65$^Jtg^tg 

ssil o(7)*j»(cfias^s-r^o 
[00 9 7] [ma mmmm:] m 9 j^^^p^tc^i^ 

[0 0 9 8] ll9lc^-rJ: *ll;^3fP^^T't. u— 

[0 0 9 9] i^mmmmi^. n i <507ti>ii$^^^ lt(^ ^ 
is^^^tg^3 9 xmm-r^tHi^^mmkt \^x(D%mm 

[0 10 0] yr^V • -<n~^s^i o^mi^xM^ 
[0 10 1] Li>^L. mm^:fy>h(DmmUn^j:i:^ 

[0 10 2] ^zx\ **^S?gl^r^'i. ^ma^so^ 
ffiv^THi o:c:^T^i-^ Kis f b <D^s^tzi-fmm 

5tR L(o;iiSa^^J^)'>:7 h $itT*3#. -rt^^f"^ 



So 

[0 10 3] z<DXo',c^mmmmi::-xtii:£. m^^^- 

SS§3 9T^S2iiJT53t^lll§4 0^fflV^Tv':7 h 

So 

[0 10 4] [^4 3l:teff^S] mil Ji;*:^p^{c>^.su 

[o 1 0 5] m 1 t^^-Ti ^mmmmxh. u 

D 1 0 Alt-r S r ^ {:: J: o Tff SO-T 

[0 10 6] ^mmmmi^. yyyu • -^a-^s^ggi 

0 ^1»^-rS ^7— lOa, 10b PfltdtHlfe^T^ — v^4 

1 ±i^mm^t\^fci^—^\f—j^my^'^ux-h^mmu4 

2^iSeb. [Blfc^'7"-v^4 1 ^#Ba7tR L(7)ft^U-< 
/^^1^£tJLyt7t1^tii^2 0coa:i;^m^{cS<5u^Titg^ 
©Jt®^^<t LTcoSiJ^^gl 5tcJ:oT^»)-rs J:9t;iL 

[0107] t z^x\ msT {ztt^tX 0 \z.mn<ry 

CI— ^^§§1 OS:^S^-rS^ 7-1 0 a, 10 h(0)\:}j 

mS 7X1^^=7—1 0 b) \C\l'ir,^/^^f-j:t^(OW3m 

«i6^iS:fiL. ::<DSibait 1 6(cj: 19 ^ 1 0 b 

So b;5^L. ±.tz\i':r.vmi-x\'t. ]:t^^mm^xh^ 

[ o 1 0 8 ] ^ - T\ -^'mmmmcD ^^—^m'^^mmx 

^^^^r (Drn'^^^f^ym^^m^x^u^mmx 

\t.^j:<^ lHie;^7^ — >^4 1 tcJ:^[Hlfe|E»itcg#^,-tfc 

[O 1 0 9] [Di 2 (A) 9Jc. :7r >^'y • 

SJfT^n 2 (^]gi@^4 2;65SB:{-ff;^$4xxVN-5:^^ic 

0 h t(Dmmx^t.^m&tf^^. z.:lx. mi 2 

(B) ^liiSI^^-r— i/3 1 ^ffli^T?S::§*54 

izX'O ^'.-^mthL. 7t5SJilorg (DX'^lc/j:^^ Z(D 
1 V. r 1 o r gXlt. 

[^1] 
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1 va r I org — 



COS 0 2 



m2] 



sin 0 2 = 



ni 



n2 



sin9 1 



[Olio] z<7:^xoi>^:^mmmmA^2:fhit. -yr^') 

.^n-ifcS§gl 0^«^-t5^^-l 0 a, 
^4 2 ^[H]^^-^5[aI^;^x->^4 1 S-^ffi^S^JtS^I^ 
r^y • -^D— ^tg§|i 0<OSiJ<2|i^iS:ftJ: ^9-h^Mu^;?^- 
[0111] [|g 4 mMMm(omm:i mi 3 i^:$:^m 20 
loi 1 21 -<7:>mmi^m. mmm4mmmm^m3s 

1 0(D$lJ^^{Ct>ffllN^n^i^^<7)<'^ffi*5j:U^?amfiHft^ 

[0113] [^5 mmmm] m 1 4 (i^^p^^c^.^ u 

-1^*ig^iKilS<^»5||]!S?F^Ji^7j^i-:/a 5/^«i^lllT- 

30 

[0 1 1 4] nil 4{r^-tc};9{^. u 

^j:mmt. mmmimmmmtmrnxh^o 
[0 115] :^mmMmxn. yyy]) '-<o—^mm 

[0116] tZ, ^X\ lU 3 7 l^ij^i- J; p (dii^co I/- 

(omt^yr-ifv • -<D-itgsii o^ffi^-rs 

10 a, 10bt7>>t*r (^TiilOb) t^in 

^'t^.!3Sb^l^ 1 6 ^^et. rcDKib^lS: 1 6 Jw J; ^ ^ 

^-1 0 bSr^tt^^tric, mt^^^-t^mitzir^ 

[0 1 1 7] ^:iT% :*:^tS7r^SfDU— tf$S^iSiggT- 

it. ^ryy • -^t^'-^ssi o^sr^^i^> u-rt7)« 



(1 -COS (01-0 2) ) 

[0 118] ^fz. :7ryu '^ti-^mmi o^^^ 

m^^4 4x^^tmm'r^ztx\ ^:^h<oHm'^m 

[0 119] z(DXo\c:^mmmmizxtiit. ^ryv 
'^^-^m^io^^^m^^4 4x^±{z^^mv. u 

^^i,^ 4 4 ^ L /cf: 1/ 'f£MMm^mz x ?5 

-r^zt^^x^ 

[0 12 01 Lmemmw^m:! mi sit^^mmizw^^i^ 

lo 1 2 1] mi 5{Z7jk-rj:o^z^ ^mmm^mxh. 
—f^ELi,zx^xmm^nrzm^i&%:. w^m^4± 
<D^m^.^^h<DRm^x^^nmmp L^y V 
D-^^^i oizxM'T^zitizx^xnm'r^m^^ 
^mmt. mmmimmmmtmmxh^o 

lo 1 2 2] :^mmmmxi'^. yry^'j-^^-^m^ 

i)^2iSc(7)Mm'r^^y-:^>hmfS.$ti^<DXitti:<. 3t 

izrn^i-^ m^m.^. ti-^ ^M.^3mxt^-Dn\^ 

'^xh^. i.^^htmmp L{zs^Lxmmt^k.'i^^^i^ 
—f}:f'-M.mmuitxmfi^^n^y7yv '-<^—^m 

^1 0 A^^{-ftzh(DX^^. 
[0 12 3] tz^x\ 1^3 7(c:^-tct 9(-ii^(7:n— 

(Drnt^yr^v ' ^xn-^mmi o^mfS.'th^y- 

10 a. lOh(D}^J^ (mXl^lOb) {Z\l'::cy'^^/j: 

t^(DmW}^^i 6 ^mmi^. zcomm^^i eizx'o 

y-i Oh^ytmt^^mz. mt^^^ir^mitiifU 

m-t^ztxmmL^x\f^tz. lts^l/^^^s^. 
smmitijfi>t^b^\.^zt^-m^h.^o 
[0 1 2 4] -^rT\ :^mmmm(r>u-^m^mmsx 
rt. yyy^'j - ^^—^m^i o Ai:.y<ji^^u. 

y ^ (DmmizbL»m^mm Lfzh<Dfj:t^t:m\^^^ 

ZtlzX'O. m^^j ' r£M^^j:mt<D'J^/j:\^^yryV • 
^-^mm^i'f'Oth-i-ztx. htiyt(DMmii^^h^ 
<t^:imi-^-h<ox^^, 

[0 12 5] -^tz. yr^V '^u-^mmi o^mf& 
■th2*i(Dx^-'(0^^'^l,yryV = — ^?§^i 
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10 1 2 61 z<Dm^. mmmm^j:t'(D^iih^ii^m\^^ 

r<7)[pite>^7"— v^4 5 $^3t1^ffi§g2 0(Dffi;^fi-^u^/i. 

^-^{^t^i^-r^ J: 5{::SJ^^i 5T'^JtSJLTggib^-^ 

[0 12 7] ^<DJ:o{::^mmmmi:i^til-f. yr^J 
[0128] [H 7 HJSJF^^J U 1 6 {i*^P^t;i^5 u 

-i^'^^sasson 7 mmmm^^-ry^ y ^ mf$.mx 

( 0 1 2 9 ] m 6 J: 9 (r. ^Hj^^f^ffiTii. 

[0 13 0] ^^mmmmxi^. i—^^ML^mmi^^ 

2 0 (Dmtfm^-{cm-5\,^xmm^^ 4 6 j: o -c 

^-^^M4 5(Dmmm^^m^^'r^h<Dxh^. 

[0 13 1] t:z^x\ HIS 7{C73^-rj: c){cia^cou- 
^-t*5 ^ y—l 0 a , 1 0 b <Z)>t*" (llT^fl 10 b) (.1 

^^mtinmj)-thztx\ ^m^ST^'-~mmtfj:h 

[0 13 2] ^rT% :*:^tS?f^j^,(7)l--1f^W5S3gB-r' 
[0 13 3] yry]) ' ^^-^m^i Oyl>^m^^%: 



**L/c*|'g^(D^i§3fefi4#tt^^U;/cll3 5 :7 7^' 
y . ^n-ifc^Si 0:::A#t-rsg+a]3t<7)iSfiSr^ffiL 

/c^-g^cDgiiTtfi^'i^S'^ x^tzLm 3 6 ofl»^jtgj-rix 

to, 

[o 1 3 4] -^rr*. ^mmmmx\^^ #sgjtRL(DS 

it^^^^^X.o{zum^^4 6 ^ffli/^Ti£SpT^(DU 

i^'-^li^i 0(D#tS^ft^a«6^i::$fJ^i-5ri:7i 

*pT-^(Ou-if3tgi4 5 ^ LTJl. iSfi^^^u- i^V^ 

[0 135] rcoj: 5 i-**jfe?f^SI(^iixf^. 1--^% 
gi;6^?S:S:'^^C0l/— if3tS^4 5 T'feoT. ^tl^ffitff 2 0 

^^4 6(c:j;i9ffl^-r5r ^{cj:^?. SufSS 4 HiSff^^ 

20 ( 0 1 3 6) [II 7 mmwm(D^mmi m 1 7 i^^^^m 

yi!^mf&mx^^, 
[0 13 7] z(Dmm^^. mmmimmmm^ms s 
iiZ.7jk-tmMm(Di--^m^^mm:i<cmmLtci^(Dxh 

[0 13 8] [||8^SS?i^^] Igll 8f^:2|s:^P^(r^5 u 
[ O 1 3 9 ] 1 8 iC^-r J: 0 (C. ^HJgff^BiTli. J: 

fau'-if^^j£igM(7:)»jf^^ffli3^l^4 6frj:or^li 
mmmi^y^ {-^^mm^^^yy) 4 sT-iss^jta-r^ 

:)fe^tt5§i 2 0 (D\tit^m^-o:> 0 
40 SiJ^^g4 9:rJ:o-c®JtaJ^ti^o 

[0 140] r(r)J:9Jc*^j[^ff^^(::j:ttfi. 3fe^ttiSi 

2 0 coffi;^!!^ u-^yi-;^^— ^ <h 5 i 9 Ci i-—^itm. 5 

m'^WL^^y^4S^Win\^tL:Lt\zX'0. StlfSS43IJS 

m ;c i^:) a ^ b 5 o 
[0141] 8 'Mmmm(DMmm'] m 1 9 i^^^p^ 

yxj ly^mf^mx^^. 

[0 14 2] ^(D^f-mi-t. mmmsmmwm^^s s 
50 iz^^mum<Di — 'fm=^i^mmzmmLtzij(Dxh 



29 



(16) 



2001-2553 

30 



[0 14 3] imsmmmmi m2 oa:$:^m{z^.^i^ 

[0144] n 2 0 iz^-rx 0 :$^mmMmx\t. u 

^m\^^x^mficmm\^tiyTy'v - ^^~^m^i o ^o 

j^^A^-r^zt{zx-:>xtmi^^mm^. mumim 
mmmtmmxh^o 

[0 14 5] :^mmMmxit. ^^t^v • ^^-^m^ 

^7-10 hiz^^Hi.itimm^^i e^zix^x^wm 

[0146] ^X\ m 3 7 fC^-r J: 9 U~ 20 

^ "7— 1 O a , 10 bc7)>t:fe" (UlT^I^ 1 0 b) d 

[0 14 7] ^^T% if^^i^a^aX* 

ft ay t7 9 r ^ wiefc L b CO -5 p 

[0 14 8] £J:f;i. *llffi?f^ffi(7)L — -tF^^^^ga^ift 
f^^H 2 1 LTl^P^-r 5o 

[0 14 9] ^-r. 0:6^bi^. D 2 1 40 

[0 15 01 -■ErCO^S^i.'i.^SKjfSP 1 6^^^ ^~ 1 

0 b^^fS:::iaoTU-if^MLiDli$:S::cffl^f 5gg 

flfS!*(D:^c5!5>, eicftitS i 6 (r>mV^^mt^ i 2 
k&^)^T<rA%^^^^^, rtOb^, er^fig^g 1 6 (7)c£;^ so 



(irj±ii]2i (B) ;c^-rj:5i:iVosc :cigs6L-c^ 

none ftHl 2 1 (C) iil^l" J; ^ ;^*S:g§:S: F n >l 

[0 1 5 1 ] ^rT^ i^-i^^H^g^^^^sSft-^Us i g 

-{t-^T r g ^{t-^^ti^5 0;ei^?. U-if^gll 
[0152] r (Dm^. Tt^tU^ 1 2 (Dttitim^- I 

7!)^^ttT*#/c^v^:^'^tcf^{t-^^s3s^H 1 3-rii^;i/N-r 

[0 15 3] zcoxo\c:^mmmmitzxtii^. i—^^ 
mi^^y</i^:^^mitmxh-^x^ mm^^^j^it-^^mMi- 

Xi-—^ytmi^mm^^^Xol>i\^ti-ti,zJ:y)^ y 

WLwm^^^^^m\:.t^'h^nM\z.^^^^xm.f^'^'^}lf^ 
[0154] [^10 mmmmi u 2 2 i^:^mmiicm^ 

[0 15 5] t5f5l|9^ffi?g^j;iiotNT. :^a^.^<!f/&5^ 

[0 1 5 6] ^rT^ :$^mMmm<Di^—^m^^mm: 
it. m 2 2 J: 0 iz i^—^m'^i&mm<Dm:^mf&n 

ms 6iz^ x^ti^m^R L ^m\^^^mf&tm zx^ ^ . 
fE^^^mm 5 1 T'istb^-^7ti^»j#« 1 6{zx^ 

ipj^T-fe^o ^(DX^'.Z'ttiits jt1^ffil§2 o^;lio^/^T 
:i^i:i[il2 3 (c) ;:i:^i-i9^c{t-^i re f ^mtti-t 

( O 1 5 7 ] ^ - T% ft-^-^Sti 5 1 COm-^V ore CO 
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[0 15 8] z<7:>m'^s mmm9mmmm(Dmf&x*it. 

sig ltm2 3 (E) ic^i-ct 5(c*SI§S<o^2t::J: 

xt ^jii^^m-^icnm^-^mmm 1 3 xmmt^iy^^ y<:^ y 
^ bt-. ft^ i s i g ^mmj:v^ ^xm^-g ' a^m 

[0 15 9] rcoj: 9 t::*^ffi?F^^(- m^^m 

^5 \ {^xKimmi.fz.mmmmi ^x^m^^^^mim 20 

[0160] [^11 mmmm] u 2 4 \'t:s^^m\^m^^ 
[0 16 1] zcDmi immwm<Di—^'m'^^mm 

m^mm^ 5i{cx^mm i^tzmmmm 1 e -r^tjg^i 

^5S»J6fji;i^^ ^ItttS^ 2 0 <Dm:;^lt-^ i r e f £0 
S^5 3T-u-if3fegilt:itt^^1-5r <irr% J:D^^{c 

[0 16 2] :^mmwmxi^. ^--fitmb 4^^hmm 

T\ H2 5{C:^i^L;^cJ: 5;::^itvil§5 scoKIt:^^ ^ > 
^^^tiit^ri ref -5 If 3ti;^.l co^tl^-r 

■r^r rt7)|§-g^t^;^ailgl 2<7)^U;^;m-§■ 

isis :i^2 5 (E) 
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-So ai;^{t-^isig ^^m^si^^ >xm%' 

[0 16 3] *ll:te?f^^{-*5V^T. 7tii*I^5 5 

Si, 0 6 4 nm(!r. tfffiij^fe P L (7)^5. m^\tY KG 
i^—^(Dm 2 iSPJSJfiS 5 3 2 n m <!: SrS'MS Loo 

[0 16 4] J: ^ ti^:hyt(D 
5S;g^^Hibfc^1^tb^l 2(7)S^/^-o(Dm-^l/-</P 

0 u-if3feai 1 i.fcmm^^hm^<D^Mmth^ t» 

[0165] imi 2mMmm] 112 6(i*MP^ic:>f^^ 

[0166] r 1 2 ^:^?g^fi. mhs^ 1 0 mmm 
m(o'^m.m^i:m^t i.x ;^ h^cmm^^mm^n 0 tz 

ii-T. ®gliM^^-r$?^{t-^^S^5 2(;iJ: DtuIB^ 

1 mmmmAztm. u/c^ti^m^ 1 2 {zmm-r^m^'^^ r 

^miEVB^Iil2 7 (F) fd^f i 5(::»J^LT^i$^ 

[0 16 7] Z(Dm^h. Tt^ffi^l 2(7>m;/jft^ i 
sig Jim 2 7 (E) {d^i-J: J: 

'i^mtf^^f)^. m-§-Vosc (ommtmM^f^^zbt^x 

[0 1 6 8] i.iG ^^^Tt^y^v-r-ii^i • 

1511 9 mmm t mm<DW}^7tmhti^., 
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[0169] 1 3 u 2 s a^^mi^^^^ 
1 0 1 7 0 1 n 2 8 iZTjkirx 9 ^mmmmxi^. u 

[ 0 1 7 1 ] *||JS?F^ffi{l, ^'TT/y --^n-^Sgll 10 

[0 17 2] ^^6r% gl3 7{C^-r<l: 9{-ii^(7)U- 

^mm^r (D^t^. yr^'j - Q^m 

^-r^^^-lOa, 10b<7)>l-* (H-CfilOb) 

1 6lc:J:i9 ^7-1 0 b^7feW<i:^tT{c. ^it^mWi-T 20 

[0 17 3] ^^T% ;2^^j!feJf^^c7)t— if^i^iS^M-e 

^^^^^±m&m$.\^^^'^xmmw^^^t \.x<D\t^ 30 

^SS5 3;^^e5cDg^^^i|^^Hffi(7)y^V^';^ \^—^%(D^m 

[0 17 4] if ^l^i6^H(7)Ijb 

[0 17 5] SS^^Ol i^•5t^g5 7c7:)^fe?g 

ft A ^112 9 (H) 9{riE^^iyc{Cjf?|-t-'5. 

[0 17 6] Lf',-5^o-r, £±l;^;m^ir.f ^jsto/^u 

-^^^:-lx^L7t h y u^yb-t:'! ifjrcil 1 ^^^1^ 

*<^tB^ 1 2 (om;':7ft-?- i s . g ^M^-rti.'i. n 

[0 17 7] z(rA§-t. ^tkmmi 2(DttiMn^- i so 



sie fin 2 9 (E) lZ^^^X0[C^mi&M(Dm^\\CX 

\^ ^m^izitm ^'^mmm 1 3 xm^^ji^^^ y<:^y^ju^ 
^m'r:itxmi6<Dm^'i:^^h:Ltz)>'^mtfj:^. 

i s i g ^mWi^^ y^xmm • i^S^^fcIt 

[0 17 8] ^(DXo\zif.mm^m\^xi\.vt. ^s^a 

r^O^L. i^ft^'^(7)l/ — if3tSl5 7 0^^iSft^B# 

[0 17 9] [^1 Ammmm'] ms oi,^:^^m\^^^^ 

1 4|l:te?g^^^-r^C7 :y >5'1t^ 
[ 0 1 8 0 ] H 3 0 ic^-r J: 5 ic. ;$:^Jgff^^T'l^. u 

ow-ay^.d^b«osi*^-cfe5tfa'j^p L^, ^si§ift;&s 
mmhimmxh^^ 

[0 18 1] i^mmMmxi-t. yry^'j --^a-itji^ 
1 0(Dm'm^^^^^<D^^xffo<DX\t.fj:<^ yry" 

V • -<D-^S^l 0^«^i-5 2t$C(7)^ ^-1 0 a, 

1 0 bmic^A^ntzAE2n'^m^wm (mu. n(i2i^ 

— if t^'— A^iigptt 5 8 (7):e 2 n nmmm-x. i^^-r ¥tT 

K>^m^^ximtmt<Dfj:'t'^&^mt^-^ri\t^ ^ 

[0 18 2] -^-mmBrnxi^. \i'=^ym^^s:^(Dwmm 

^mmvFxm\:.^^i)mhri^(Dx\ m^i-tmm^z. 
^m^^^^^\^fz\.^m^fit^{:im9)ix^^^ 

[0 18 3] Z.(DXo[Z:^'mmmM^Xtl\t. U-ifh' 

it^tmt<ofsi'r^&i:mt^^xyTy^^) '-<u-^ 

[0 18 4] [mi 5^iS®a|] (g]3 1 

t — -tf ^^i^gggtos 1 ^mw[m.^^^-ty'^-/^mf^ 
mx^^, 

[ 0 1 8 5 J 113 1 ir^-f J: ^ 
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[0 18 6] :^mmmmTn. ^S^ScO^^IC^oT 

ii.^^n5^^m^2 ot7)tii;^ft-^ i ref (Dwmm^ 

[0 18 7] ^{c. :^m:m^m(Di — 'fm=^^mm.<Dm 
[0 18 8] mmm9nmBmt^hm\mmi 2m:m^m 

yyy^^) • -<n— ifc^^i 0(;:)^^~iOa, lob^ 
lgl3 2 (A) {c:^t-J:9}^^S-t^<b. im\^^2 0(D 
tti;0ft-^u-</Wtlil3 2 (c) tr^f J: 9i;i^ft-r^o 

[0 18 9] X^t-V.fSit^h. ACOBLMm 

^^^L/c^-^fciJl. 5t:^aiS§2 0(7)tB;^;m-^i^-</HH) 

3 2 (C ) \z.7f^-t^b\zf^^o 

[0 19 0] ^CT% ^a61»^/c^^tlT\ ff^I^j^^i^^^/^ 

V^M%%(DW\^^. ^^Oi^'&fit-^i^^ i pea k ^ 

L E D ^ v:7'/^ if o^^^l^ 6 2 t^^^y:^-t^ ct 9 L 

[0 19 1] ^yh. u-ifi@^^asgfc5i/Mmajj^# 

0SiJt7)^®^tt^ LT.'i. :7z:/y --^n— ifc^:^iO 

<0^7.T=7^ Vt^^^^ mti^ 7— 1 0 a 1 0 
b <!:;&s:iE^{c^[p]LriV^V^^;5\ fc-SlMi^ ^— 1 0 
a t 1 0 b }i<Df^mt^. -^rix^O^^.^.Sggg^:— gcUTV^ 
^cei/^m-^/^clf^T'fct^ . ^o^J::?^. 7t^tB§§2 oc7:)aj;^; 
ft-^fi. 113 2 (C ) {<i;^-r J: 9{::e~>^^^$;65^^{i/- 
■r^#'g^^D^a^c. mX\'mZ2 (C" ) (CTF-fJ: 

[0 19 2] c^oj: 9 ?:^a^^1t^i-5fc*!){c{^. 55fj(7:) 

[0 19 3] z(DXo:z:^mmmBi:ixzxit. ^m^^ 

^ ti fc 4^f|5[/,V > ^ ^ L T ^ I ^ )t Sip fl ^ ^ iitS^S 



[0194] [Hie mMMm] n 3 3 \^:^^mz^^^ 
mxh^. 

[0195] m 3 3 :c,T^i- J: 0 jc. ^'Mmmmxi-t^ u 

(Dnm.^.f)^h(r>K^%xh^%^m%v ^ ^m^&t^ 

10 ^ttimm^mhti^^ ^ :^yxmi^^mm±. ttriB^ 
9mt^wm^^hmmmi 2mmwmm^<Du—^m=^& 

m&tmmxh^o 

[0 19 6] ^mmwmxit. ^m^M<D^^{z»<:>x 

^m^i o^m^-t^ ^ (zcDm-^i o a) 02^ 
0 T*»ffl ^ thti^mm t "^isbm^ Lx:^\.^timmm t 
20 m^^T^tf-t^tii^cDmmMm^^e 4 t^m^xmfi^ 

[0 19 7] '^m:Wrm<o\^-^m^^^m.o:>m\ 
[0 19 8] mjiEmi ^'mwMm.(ou—^m%m.mm.(o 

Sg;6S^Mt:-r5i:3fe^^tii^2 0iOm;^i{t-^i ref {cf^e 

30 K\xwm)mm\ ^\z.x.-:>x^mmzmm.-^^^t^. m^. 

[0 19 9] -^-T% 7t1tai^2 0(D 

ffiM^Sir^i-^ J: 0 \zmm^^ \ 6^lS:fiLTi>?^^v^5: 
^-1 0 a ^^^M^t^/cPSS^i6 s^-Kjf^^-^nf^. 

[0 2 0 0] f^^. -^mmmx'it. w^f){%% i r e f 
[0201] 

50 >i/*rSif>L. ^^^O^PB^il:M^^J:L^H^^^O^rB^^:Ir- 
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[0 2 0 21 *>t. mK^i-imm^j^mmmii^ihiMmmm 

ir^zt <DX^ S i-~i^®^ISSa^ll^-r5 r t jb^X 
ttJ^S:.T^-t-(5lKllIo 

[(US] ^^P>^Jc>^5 U'-if^l^?S^g(DSlll5£?f^^ 
[117 1 7lf:1tm^<7)#+i(il3 30 

[1191 ^mm\^m^i—^*m'^i&mu<om3mmmm 

[n 1 0 J ^3 mmmmcD i^—^m^i&mm(oW)i^^^ 

mil] :$:^mitzm^i^—^m^&mm:<om4mmm 

mi2] (A) , (B) i-tf^4mmwm(Dmi&m(D^ 
^mm^x^^mMm^^-rmmmo 4o 

imi 3] *^PJ{;i>^'5U'-if@^«ig®<D^4||JSff^ 
[His] t^'^B^i^^S^D^e^tS?!? 

[Hi 61 ^^miz^^^i^-^mWt^m'm^mrmmM 
mi 7] :^m^izgh^i^—^m^';^mn<om7mmm 



[mi 8] ^^miz^^^ \^-^m'^mmm(Dmsmmw^ 
mi 9] :^mmi:^9^^^ i^—^m^i&mm<omsmmM 
[El 2 01 :^mmi^^^^i--'^^m'^^mm<Dm9mmm 

[[112 2] ^^m\^^.^i^—^m^^mm<Dmi omm. 
mmi:7jki-:fuy^mf&m. 
[(112 31 mi omMj^^m(ou--'i^m=^i&mm(DW}i^i: 

^-r^-r ^ ho 

[m 2 4 1 ^mmic^.^ i—^m'^is.mm(Dm 1 1 mm 

mm Sr^-r ay^ «^lllo 

[m 2 5 1 mi 1 mmmmco i-^—^m'W^mwiomi^^ 

Tj^-t^-f ho 
[(112 61 1h^^^iSigM<:0^ 1 2 mite 

[(112 71 ^1 2 ||Jte?F^^(D U-— if @^iS||S(7>S)f^^ 

[1112 81 U-if @^iS3gS(^^l 3^i^ 

[(112 91 mi 3mmwm<Di^—^m'^mmm(oW}i^^ 

[m 3 0 1 t-— t^^®$iK^s<7)^ 1 4 n^fe 
mm^^^ir'yuy^mj&mo 

[1113 1 1 !f ^^^K 1 5||j!iS 

[m 3 2 1 ^ 1 5 ^J£?f^^o If g^KilBcoib^'^^ 

ho 

[(113 3] 1f^^?^^E(D||l a^Jlg 

[m 3 4 1 m (Du^m\z.^.^ l — if ^^jsiis^^^i- 

[1113 5] :7Tyy • -<U-*t!i^(D»jft^.T^fgfc§^ 

IDo 

[1113 6] :7r::^y • -<D-*S^<D®jf^Sr^.-rs^BJ 

[^3 7] m2(D%^m\zgh^u—^m.^m.mm.^7r^-t 

[1113 8 1 m3(o'<i:^m\z^^^ i^— th*®w?siss$:^-r 

-f^ y^m^m^ 

[[113 9] #^^^^0'J<7)U-if^^2K3gg{Cffll^P>i^T^/^ 

^7t^^aiS4r:^]^-r[E]5S[l}o 
[11^4 0] t^SSiOU-if^^iSilECOgjbi^^.T^t-i?^^ ^ 

[f3F^-^|jlP>31 

1 L — ^%\^. (m 1 <7> if 3t<;^o 

2a, 2 b ^ 7 — 
3 U-^X 
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6 a , 6 b \/2m^Wi 

8 U>X 

9 ^ 

10 yry ')' ^^-^m^ 
1 OA :7Tyu • 

10a, 10b — 
1 1 

1 2 Ttltm^ (Ttltffl^©) 

1 3 m^^mmm 

1 4 ^^i^m 

1 5 mm^ 

1 6 mmmm 

1 7 

1 8 fl^t:^-A;:^yy -/>5? 

19 ffl7tt*-A>^yy 5/^5? (II 2 

2 0 3t1tai^ (S'JiO^^^ffi^g) 
2 2 Tt^tUS-^^ 

2 3 tEgffiSai 
2 4 

2 6 ^Y-/^ 

3 1 ^^SiS#l^ 
3 7 5tSI^S^I& 
3 8 3t»^SS 
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3 9 

4 0 

4 1 [e]^>^7"— 

4 2 (*SSI1S^S) 

4 4 

4 5 {m2(D if 

4 6 ©J^^g 
4 7 

4 8 {-^^m^^i^y^) 

10 4 9 SJP^S 

5 0 m^-^m^ 

5 1 

5 2 ft^^Slg 

5 3 m^m^^ 

5 4 if TfeiS 

5 5 

5 6 it^m^ 

5 7 U-if 3tM 

5 8 i/— if t^ — AgiiiSfB$t 
20 5 9 iHltelgib^^ 

6 0 m-^^m^^ 

6 1 Hsg?^^ 
6 2 

6 3 -PS^I^ 

6 4 I^MS»JiS^^ 
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